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^ ENDOSCOPIC VESSEL HARVESTING SYSTEM COMPONENTS 

^ Abstract of fr i^ OisclosuTe 

<N Connx)n«.ts for an endos«>pic vessel harvesting system suitable fot haivesting urget 

^ vessels such as the saphenous vein or tatlial wteiy for cardiac artery bypass graft surgery. The 
main components of such systems include a vessel dissector and a vessel harvester, both of 
;g which work in conjunction with a separately provided endoscope. The vessel dissector ,s m 
O elongated cannula having a blunt tip for sepanting layers of facial around vessels. The tip may 
g be movable, and is typically transparent to permit viewing forwarf of the tip using the 
<N endoscope. Internal features of the tip may .educe glare back to the endoscope. Seveml devtces 
O impn,ve visibility through the tip by reducing interference from dssuc or fluid on the np. THe 
9 vessel han-esler also has an elongated cannula for receiving the endoscope. Several tools w,th.n 
the harvester permit manipubtion. severing, and sealing of vessels forward of the distal end. 
The tool for manipulating vessels may have a low-profile for increased visibility of operaoon. 
and may be coupled to the cannula with a damping mechanism to reduce the poss.btbty of 
avulsion of the vessels. Various vessel cutting and sealing devices are provided that may 
accommodate various sizes of vessels and improve cutting and sealing efficacy. 
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Invention Title 
Endoscopic vessel harvesting system components 

The following statement is a full description of this invention, including the best method of 

performing it known to me/us:- 
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ENDOSCOPIC VESSEL HARVESTING SYSTEM COMPONENTS 

O ; 

Field of the Invention 

OO [OOOl] The present invention relates to surgical devices and methods for dissection and 

CO removal of blood vessels from a patient's body and, in particular, to endoscopic vessel 
harvesting systems, components and methods. 

o 

Q 0 Background of the Invention 

^ [00D21 Endoscopic harvesting of vessels is well known in the surgical field and has been 

die subject of a great deal of recent technological advancement. Typically, the harvested vessel 
is used for bypass or as a shunt aiound an artery that has diminished flow from stenosis or other 
anomaly, such as in a Coronary Artery Bypass Grafting (CABG) procedure. Often in CABG, a 

5 saphenous vein from the patient's leg is harvested for subsequent use in the surgery. Other 
vessels, such as the radial artery, can also be harvested and used in this manner. Vessel 
harvesting involves liberating the vessel from surrounding tissue and transecting smaller side 
branches, cauterizing, tying or Hgating the vessel at a proximal site and a distal site, and then 
transecting the vessel at both sites before it is removed from the body. 

20 [00031 Known endoscopic methods and devices for performing vessel harvesting are 

discussed in detail in U.S. Patent Nos. 6,176,825 to Chin, et al. Re 36,043 to Knighton, 
6.406,425 to Chin, ct al. and 6,47 1 .638 to Chang, el al.. all of which are expressly incorporated 
herein by reference. Furthermore, various devices and methods disclosed in U.S. Patent Nos. 
5,895.353 to Lunsford. el al.. and 6,162,173 to Chin, et al.. and pending Patent Applicarion 

25 Serial No. 10/602.490 entitled "Apparatus and Method for Integrated Vessel Ligator and 
Transecior" are also expressly incorporated herein by reference. Also, commercial vessel 
harvesting systems sold under the tradename VASQVIEW® Uniport Plus, VASOVIEW® 5. 
VASOVIEW® 6, and VASOVIEW® 7 are available from Guidant Corporation of SanU Clara, 
CA. 
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2 100041 Another veision of an endoscopic vessel harvesting system is disclosed in U.S. 

2 Patent Publication No. 2003/0130674 to Kiisahara. rt al.. filed on December 24. 2O02. or and 
CM later updated in U.S. Patent Publication No. 2005/0159764 also to Kasahaia. ct al.. filed October 
O 27 2004. m these systems, various devices are utilized to 5m dissect a vein ftx,m surrounding 
5 dslue and then harvest the vein. Each of the devices passes through a guide tube of a tiv«ar 
VO insened through a body surface, such as disclosed in U.S. Patent No. 6.863,674 also to 
§ Kasahara. et al.. filed December 23. 2002. Certain elements of these and other related patent 
^ disclosures are evident in the ViituoSaph™ endoscopic vein harvesting system (sec. 

S o^ com/nmducts) mariceted by Tciumo Cardiovascular Systems Con*, of Japan. 

g 0 100051 Despite accepted endoscopic vessel harvesting systems and techniques, there 

q Remains a need for systems and components that both make the user's tasV less complicated and 
CN 

improve the surgical outcome. 

^"nrTY "f Invention 
100061 The present invention provides an endoscopic vessel harvesting system suitable 
15 for harvesting various target vessels that allows for simple and convenient operarion in a limited 
space. The invention includes imp.t,vements to various components of vessel harvesting 
systems each of which can be used v^th any of the other component improvements. It should be 
understood, therefore, that even if a particular combination is not expliciUy described, any one 
component can be used with any other component disclosed herein unless that comb.nadon ,s 

20 structurally impossible. 

100071 In accordance with a first embodiment, the present invention provides a vessel 
dissector that is used in conjunction with an endoscope, comprising an elongated camiula 
including a lumen therein for receiving the endoscope, the elongated cannula further housing a 
passage for delivery of an insufflation gas therethrough. TKe vessel dissector has an mpu. for 
25 connecting to a supply of insufflation gas. the input being in fluid communication wtth the 
passage A pon opens near the distal end of the elongated cannula in fluid communication wtth 
the passage and out of which insufflation gas is expelled. A fluid banier cover, the port that 
permiu expulsion of insufflation gas from the passage within the elongated cannula and ptrvents 
ingress of fluid fmm outside the elongated cannula through the port to the passage. 
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^ 10008) The port may be formed in the side of the elongated cannub. Desirably, the fluid 

3 barrier comprises a tubular member smrouading the distal end of the elongated camiula and 
^ covering the poit In one embodiment, the fluid barrier comprises a polymer shield that closes 
O off the port fmm the outside but is flexible so that insufTUtion gas may escape from the passage 
; therethrough. In another embodiment, the fluid barrier comprises a gas-permeable liquid- 
VO lesisuni membrane that permits escape of iosufHation gps therethrough but prevents entrance of 
^ fluid to the passage. 

cn 100091 The vessel dissector may fiirlher include a transparent conical tip on a distal end 

^ of the elongated cannula that permits an operator of the dissector to dissect tissue while viewing 
0 inttmal body structures via an objective lens of die endoscope positioned close to the blunt tip. 
O The insumation gas port may be located at the apex of the conical tip. TTie vessel dissector may 
^ also have a coupKng between the distal end of d»e elongated cannula and die transparent blunt tip 
and a contix.1 member extending through the elongated cannuU to enable the user to angle the tip 
relative to the axis of the elongated cannula. For instance, the coupling may be an accordion- 
5 like flexible interface or sleeve, or a spherical bearing surface. 

10010] In accordance with a second embodiment, the present invention provides a vessel 
dissector that is used in conjunction with an endoscope, comprising an elongated cannula 
im;luding a lumen therein for rtsceiving the endoscope. A hollow outwardly conical transparent 
dissecting tip on a distal end of the elongated cannula permiU an operator of the dissector to 
20 dissect tissue while viewing internal body structures via an objective lens of the endoscope. The 
tip comprises a structure generally arranged about an axis and having an inner wall that 
terminates at a distal end in a shape that tends to reduce glare back to the objective lens of the 
endoscope in comparison to a conical inner wall that tapers symmetrically to an apex. For 
example, the shape of the distal end of the imier wail of the dissecting tip may be an inner 
25 tapering surface that terminates at its distal end in a line so as to form an elongated inner comer, 
an inner surface that tapers downward toward its distal end and terminates in a flat surface set at 
an angle from the axis of the tip. or a backward wedge. Desirably, the dissecting tip has a tip 
diameter and the elongated cannula has a diameter adjacent the dissecting tip that is between 
about 50-75% of the tip diameter. 
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<^ 10011) In a more robust system, the vessel dissector may also include a vessel holding 

3 tool extending through the elongated cannula and adapted for longitudinal movement therein. 

Jl] and a vessel severing tool such as a tissue welder extending through the elongated cannula and 

O adapted for longitudinal movement thennn. In this embodiment, the dissecting tip includes 

5 apertures for passage of the vessel holding tool and the vessel severing tool. Preferably, both the 

VO vessel holding tool and the vessel severing tool dock into recesses in the dissecting tip and have 

g exterior shapes that conform to the corneal exterior of the dissecting op so as to match its shape. 
Cn 100121 In accordance with a third embodiment, the present invention provides a-vessel 

3 dissector that is used in conjunction with an endoscope. Ut vessel dissector is defined by an 

0 elongatedcannulaincludingalumcntheieinforreccivingtheendoscope. Atransparentblunttp 

O on a distal end of the elongated camiula pennits an operator of the dissector to dissect tssue 
<^ while viewing internal body structures via an objective lens of the endoscope. A wiper clears 
tissue from the exterior of the transparent blunt tip. The wiper maybe arranged on the elongated 
cannula to pivot about an axis to alternately contact and disengage from the transparent blunt ttp. 
,5 and a mechanism for rotadng the blunt tip. Ahematively. the wiper is arranged on the elongated 
cannula to contact the blunt tip and swivel about the axis of Ac device. Still further, the w,per 
may be an O-dng wiper fitted over the blunt dp and connected to an actuation rod that displaces 
the O-ring wiper longitudinally to wipe over the blunt tip. In one embodiment, the w,per .s 
^nged on the elongated cannula to contact the blunt dp a™l has an eneigixed cutUng electrode 
20 thereon to remove tissue via ablation. Preferably, a handle disposed at a proximal end of the 
elongated cannula has a ±umb lever thereon connected to an actuating rod for displacmg the 
wiper relative to the transparent blunt tip and clearing tissue therefrom. 

100131 b accordance with a fourth embodiment, a vessel harvester used in conjunction 
with an endoscope comprises an elongated cannula including a lumen therein for receiving *e 
25 endoscope, and a vessel holding tool extending through the elongated cannuU and adapted for 
longitudinal movement therein. A distal end of the vessel holding tool includes a vessel hook 
and a locking member used to capmre a target vessel, wherein the hook is open on one side and 
extension of the locking member doses the open side so that the target vessel is completeb. 
suTounded and capn^ed therein. A vessel severing tool extends through fte elongated cannula 
50 for longimdinal movement therein, and has a distal operadve end with Structure for sevenng a 
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^ taiget vessel. The vej«l holding tool includes a support rod that extends through*^ 
3 cannula and which is configured to angle latetally at a location close to the distal end of the tool 
to enable lateral vessel manipulation and improve positioning of the vessel severing tool relative 
O to the taiget vessel. 

; |0014| Desirably, the support rod is bent out of a plane in which the support rod lies at a 

VO location close to the distal end of the vessel holding tool such that the disUl end angles either 
§ toward or away from the vessel severing tool. The support rod may be flexible such that the 
cn bend is tetncted into the cannula and distal extension of the vessel holding tool fnm the end of 
^ the elongated cannula displaces its distal end laterally. A flexible support rod may be 
^ 0 suntjunded by a rigid hypotubc also adapted for longitudinal movement with respect to the 
O cannula, wherein extension of both the support rod and hypotube from the cannula and then 
retraction of the hypowbe fiom around the support rod angles the vessel holding tool. 
Alteraatively. the support rod is bent out of a plane in which the support rod lies at a location 
close to the distal end of the vessel holding tool using an active angling mechanism controlled 
1 5 from a proximal end of the elongated cannuto. 

(001 5J The vessel hook of the vessel holding tool may include a blunt topered distol 
dissecting surface for blunt dissection of tissue. Further, the vessel hooV of the vessel holding 
tool defines a space therein for receiving a taiget vessel, and the locking member may be shaped 
as a large wedge to induce the space within the open vessel hook by about 50% and includes a 
20 tapeied leading edge that helps prevent pinching of the target vessel as the locking member 
extends. 

100161 In accordance with a fifth embodiment, the present invention provides a vessel 
harvester that is used in conjunction with an endoscope, comprising an elongated cannula 
including a lumen thensin for receiving the endoscope. A vessel severing tool extends through 

25 the elongated cannula for longitudinal movement therein, the severing tool having a distal 
operative end with structure for severing a target vessel. A vessel holding tool also extends 
through the elongated cannula for longitudinal movement therein and has a single support rod 
that extends through the elongated cannula and a disuil end with a vessel hook and a locking 
member used to caph.re a Urget vessel and manipulate it to present a side branch of the target 

30 vessel to the vessel severing tool. The hook is open on one side and extension of the locking 
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^ member closes the open side so that the target vessel is completely surrounded and captured 
^ therein. The locldng member extends concentrically from the single support rod on one lateral 
side of the vessel hook, the single support rod therefore reducing endoscopic viewing 
O impediments relative to more than one support rod. 

; (00171 The support rod may be configured to angle laterally at a location close to the 

\D distal end of the tool to enable lateral vessel manipulation and improved positioning of the vessel 
^ severing tool relative to the target vessel. Desirably, the vessel hook of d»e vessel holding tool 
CO includes a blunt tapered distal dissecting surface for blunt dissection of tissue. 
^ 10018] In accordance with a sixth embodiment, the present invention provides a vessel 

^ 0 harvester that is used in conjunction with an endoscope, comprising an elongated cannula 
O including a lumen therein for receiving the endoscope. A vessel severing tool extends through 
^ the elongated cannula for longitudinal movcmem tbcrtin. the severing tool having a distal 
operative end with structure for severing a target vessel A vessel holding tool also extends 
through the elongated cannula for longitudinal movement therein. The vessel holding tool has a 
5 support rod that extends through the elongated cannula and a distal end with a vessel hook and a 
locking member used to capture a target vessel and manipulate it to present a side branch of the 
target vessel to the vessel severing tool. The hook is open on one side and extension of the 
locking member closes the open side so that the target vessel is completely surrounded and 
captured therein. The distal end of the vessel holding tool including the hook and locking 
20 member are constructed of a thin wircform for reduced impcdhnent to endoscopic viewing. 
Preferably, the thin wireform is formed of metal or plastic wires having a thickness of between 
about 0.5 mm and 1.0 mm. Desirably, the support rod is configured to angje laterally at a 
location close to the distal end of the tool to enable lateral vessel manipulation and improved 
positioning of the vessel severing tool relative to the urgct vessel. 
25 {00191 In accordance with a seventh embodimenv the present invention provides a vessel 

harvester that is used in conjunction v«th an endoscope, comprising an elongated cannula 
including a lumen therein for receiving the endoscope. A vessel severing tool extends through 
the elongated cannula for longitudinal movement therein, the severing tool having a distal 
operative end with structure for severing a target vessel. A vessel holding tool also extends 
30 through the elongated cannula for longitudinal movement therein. The vessel holding tool has a 
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support rod that extends through the elongated cannula and a distal end with a vessel holder used 
3 to capture a target vessel and manipulate it to present fk side branch of the target vessel to the 
^ vessel severing tool. A damped slip mechanism provided around the support rod of the vessel 
O holding tool pcntiils relative movement between the cannula and the support rod if the vessel 
S holder catches on any body stnicmre and generates a reaction foree in the support rod in 
\D opposition to movement of the cannula. For instance, the damped slip mechanism comprises a 
§ fticdon collar surrounding the support rod, or a piston/cylinder/sprirg arrangement that couples 
^ ' movement ofthe support rod and cannula. 

S 100201 In a prefened embodiment wherein the vessel holder of the vessel holding tool is 

go open on one side and defines a space therein for receiving a target vessel. A locking member 
O moves to close the open side ofthe bolder so that the target vessel is completely surrounded and 
^ captured therein. TTie locking member is shaped as a large wedge to reduce the space within the 
open vessel holder by about 50% and includes a tapered leading edge that helps prevent pinching 
ofthe target vessel as the locking member moves. Also, the vessel holding tool has improved 
15 visibility by virtue of a single support rod that extends through the elongated cannula, wherein 
the locking member extends concentrically ftom the single support rod on one lateral side ofthe 
vessel holder/the single support rod therefore reducing endoscopic viewing impediments 
n:tative to more than one support rod. Desirably, the distal end of the vessel holding tool 
including the holder and locking member are constructed of a thin witeform for reduced 
20 impediment to endoscopic viewing. 

100211 to accordance with an eighth embodiment, the present invention provides a vessel 
harvester that is used in conjunction with an endoscope, comprising an elongated cannula 
including a lumen therein for receiving the endoscope. A vessel severing tool extends through 
the elongated cannula for longitudinal movement therein, the severing tool has a disul open.t,ve 
25 end with an open mouth for receiving a target vessel that automatically accommodates w.dely 
varying sizes of vessel, and a severing device associated with the mouth. A vessel holding tool 
extends through the elongated cannula for longitudinal movement therein, the vessel holding 
ux,l having structure used to capture a uuget vessel and manipulate it to relative to the vessel 
severing tool. The mouth of the vessel severing tool preferably accommodates vessels having 
30 diameters that range from between 0.5 and 1 .0 tnm. 
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^ 100221 bi one embodiment. Ac mouth has facing vessel conucts thai Tex apart upon 
receiving a vessel tbCTebetwecn. The severing device may have bipolar electrodes disposed to 

(SI contact a target vessel received xviihin the mouth. For instance, the bipolar electrodes comprise 

O vvire electrodes arranged in a crossing pattern in the mouth, to another version, the mouth has a 

5 stepped shape with several progressively smaller intermediate gaps having generally parallel 
sides that provide regions of constant width surface contact with the vessel. The ititcmiediate 

§ gaps may have widths in decreasing increments of l.O mm. Tlie severing device may be a 

g mechanical cutter disposed transverse to a target vessel received within the mouth. For efficacy, 

8 a nuid conduit terminates close to the distal operative end of the vessel severing tool and is 

^ 0 adapted to deliver a fluid jet to knock away tissue that may stick to the djstal operative end. 

O I0023I The vessel severing tool may be connected to a control rod and located within an 

^ arcuate slot formed in the elongated camiula. the control rod being capable of translating the 
distal operative end laterally within the arcuate slot as well as longitudinally. The mouth of the 
vessel severing tool may open to one side of the distal operative end. Tie vessel holding tool 

.5 may includes a support rod that extends through the elongated cannula and is bent out of a plane 
in which the support rod lies at a location close to the distal end of the vessel holding tool such 
that the distal end angles either toward or away from the vessel severing tool. 

(0024) In accordance with a ninth embodiment, the present invention provides a vessel 
harvester th.t is used in conjunction with an endoscope, comprising an elongated cannula 

20 inchiding a lumen Aerem for receiving the endoscope. A pair of partial tubular vessel shields 
extend from the cannula and define a lumen sized to receive a target vessel, the partial tubular 
vessel shields defining gaps therebetween sized to receive a side branch extending from the 
target vessel. A tubular cutting element sized to smiound the partial tubular vessel shields and 
axially displaceable from the cannula, advances to sever any side branch received within the 

25 gaps while the partial tubular vessel shields protect the Urget vessel from the severing operation. 
The vessel severing tool may be a tubular knife blade. A fluid conduit terminating close to the 
partial tubular vessel shields may be adapted to deliver a fluid jet to knock away tissue that may 

stick to the vessel shields. 

100251 In accordance with a tenth embodiment, the presert invention provides a vessel 
30 haivester that is used in conjunction with an endoscope, comprising an elongated caraiula 
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^ including a lumen therein for receiving the endoscope. A pair of foik-shaped vessel sealing 

^ electrodes having tines arc spaced laterally apart so as to create a gap therebetween. A vessel 

^ capturing numdible moves within the gap between the electrodes to capture a target vessel 

O positioned between the tines. A severing blade moves within the gap and sever the target vessel. 

5 Desirably, the vessel capturing mandible has a seriated distal finger to securely capture the tanjet 

VO vessel within the tines. Both of the vessel capturing mandible and severing blade may have 

§ control rods and «.gled proximal surfaces that cam against a distal end of the elongated cannula 

Cn and displace them toward one another upon proximal retraction of the control rods. A fluid 

3 conduit terminating close to the fork-shaped vessel sealing electrodes may deliver a Huid jet to 

^ .0 knock away tissue that sticks to the sealing electrodes. 

O 100261 Afurtherunderstandingofthenatureandadvantagesofthepresentinvcntionare 

*^ set forth in the following description and claims, particularly when considered in conjunction 
with the accompanying drawings in which like parts bear like reference numerals. 



jj prief Description of the Drawings 

100271 Features and advantages of the present invention will become appreciated as the 
same become better understood with reference to the specification, claims, and appended 
drawings wherein: 

100281 Fig. lA is a perspective view of an endoscopic vessel dissector of the prior art; 
20 100291 Fig. IB is a perspective view of an endoscopic vessel harvester of the prior art; 

100301 Fig. IC is a perspective view of an access trocar of the prior art; 

100311 Figs. 2A and 2B are side views of the distal end of alternative vessel dissectors of 
the present invention including articulated dissecting tips; 

100321 Fig. 3 is a side view schematically illustrating the possible path of bodily fluids 
25 into the prior art endoscopic vessel dissector of Fig. I A; 

[00331 Figs. 4A and 4B are side views of the distal end of alternative vessel dissectors of 
the present invention including strucmres for inbibidng ingress of bodily fluids into the dissector 
cannula; 

10034) Fig. 5A is a schematic side view of an endoscopic vessel dissector of the prior art 
30 passing through body tissue; 
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^ [0035] Fig. 5B is a schematic side view of an endoscopic vessel dissector of the present 

3 invention having a narrowed cannula for easier passage through body tissue; 
^ {0036J Figs. 6A-6C are longitudinal sectional views through alternative transparent 

O conical tips for use with endoscopic vessel dissectors of the present invention; 

5 (00371 Fig- 7 »s » schematic sectional view of die distal end of an ahcmativc endoscopic 

\0 vessel dissector of the present invention which incorporates tools for harvesting vessels; 
^ (00381 Fig. 8 is a perspective view of an endoscopic vessel dissector of the present 

invention having a wiper blade for clearing the distal tip; 
^ 10039) Figs. 9 and 10 arc perspective views of the distal tip of two alternative endoscopic 

^ 0 vessel dissectors of the present invention both having tip wiping capabilities; 
O 10040) Figs. 11 A and 1 1 B arc schematic side views of an endoscopic vessel harvester of 

^ the prior art showing vessel holding and severing tools extended from the distol end of a 
caruiula; 

10041 1 Figs. 1 2A and 1 2B are schematic side views of an endoscopic vessel harvester of 
1 5 the present invention showing vessel holding and severing tools extended from the distal end of 
a cannula wherein the vessel holding tool translates laterally for better vessel retraction; 

(0042) Fig. 13 is a schematic side view of an alternative endoscopic vessel harvester of 
the present invention wherein a vessel holding tool includes a tip angled toward the vessel 
severing tool; 

20 [00431 Figs. 14A-I4C are several views of the transverse displacement of an alternative 

vessel holding tool from an endoscopic vessel harvester of the present invention; 

[00441 Figs. 15A-15B are side and perspective views of an alternative vessel holding 
tool of the present invention having one connecting rod; 

10045] Figs. 1 6A- 1 6B are side and perepective views of a low profile vessel holding tool 
25 of the present invention formed of thin wire; 

(00461 Figs. 17A-17B are partial sectional views of alternative vessel holding tools of 
the present invention incorporating a mechanism for preventing vessel avulsion; 

(00471 Fig. 1 8 is a side view of the distal end of an alternative vessel holding tool of the 
present invention having an enlarged locking member for bcHer positioning of the vessel; 
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^ I0M8] Figs. 19A and 19B arc schematic views of an allenuiuvc vessel severing tool of 

U.e present inve«don having wire electrodes extending into an enlan^ed vessel-rece.v.ng gap; 

,00491 Fifr 20 is a schematic view of an alternative vessel severing tool of the p«»ent 
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invention having a stepped vessel receiving gap; 
5 ,00501 Figs. 21A-21B are two side views of a vessel severing tool of the present 

invertion having movable jaws; 
§ 10051 1 Fig. 22 is a side view of a vessel severing tool of the present invendon having 

^ routy blades mcoTporatcd therein; 

S ,00521 Figs. 23A-23B are two side views of a vessel severing tool of the present 

0 invention having a movable blade; 
O ,00531 Fig. 24 is a schematic view of a vessel severing tool of the present mvent,on 

^ having a system for clearing tissue therefrom using gasjets; 

,00541 Figs 25A-25B are front and top section views, respectively, of an altemaUve 
vessel severing tool of the present invention capable of transtating ,nu.sversely as well as 

15 longitudinally: «f th. 

,00551 Fifr 26 is a schematic front view of an alternative vessel severng tool of the 
present invention havingatubularcuttingelementsunoundingambularprimanrvesselsh.^^^^ 

100561 Figs 27A-27B are side elevatio,.al and top plan views, respectively, of a further 
alternative vessel severing/scaling tool that incorporates a movable mandible for capwrng a 
20 vessel and a mechanical blade for severing it; 

,00571 Figs. 28A.28B arc two schematic views of a side-opening vessel sevcnng/sealmg 

,00581 Fig. 29 is a longitudinal endoscopic view showing the use of the tool in Figs. 

28A-28B;and . 
,00591 Fig. 30 is a u.p plan view of an alternative severing tool having a nng and 

concentric coil bipolar electrode structure. 

rwiVH n«;criDtinn -f l*-? "^^"^ F.mbodimentt 
(00601 The present application provides a numba of improvements to prior art vessel 
harvesting systems. TTie disclosures herein of various component pax« of vessel harvestmg 
systems should be viewed with .he presumption du, each can work in combination with other 



25 



30 



I 



o 
o 

components unless stated as being mutually exclusive. For example, the vanous codoscopic 
^ vessel disscctoTS described herein nwy be utilized in combination with any of the endoscopic 

vessel harvesters. Mofreover, any single one component improvement described herein may be 
O incoiporatcd into any existing vessel harvesting system, again, unless the structures or functions 
5 are mutually exclusive. 

^ PRIOR ENDOSCOPIC VESSEL HARVESTING SYSTEM 

^ 10061 1 The three primary components of an exemplary prior art vessel harvesting system 

CN| are seen in the separate views of Figs. 1 A-IC. This particular system is representative of one 
0 type of prior art vessel harvesting systems, and many of the improvements described herein will 
O be described with direct reference to it However, as will be understood by one of skill in the art, 
^ any one single improvement to a subcomponent of the vessel harvesting system may, in most 

cases, be incorporated into other such systems. More irhportant. if any single improvcincnl(s) 

arc independently claimed, the application should not be construed as being limited to the 
1 5 system shown in Figs. 1 A-IC. That said, the exemplary prior art system includes an endoscopic 

dissector 20 in Fig. ! A, an endoscopic vessel harvester 22 seen in Fig. IB, and an access trocar 

24 seen in Fig. IC. 

[00621 The endoscopic dissector 20 includes an elongated tube or cannula 30 extending 
between a distal conical tip 32 and a proximal handle 34. A bell-shaped port 36 on a proximal 

20 end of the handle 34 receives a conventional medical endoscope 38 which may be fitted with an 
optical connector 40. Although not shown, the elongated shaft of the endoscope 38 extends 
through the entire length of the dissector 20 such that a viewing end terminates in proximity to 
the conical tip 32, which is typically transparent. It should be understood that vessel harvesting 
systems m typically disposable and m packaged and sold separately from the endoscope which 

25 is typically reused. In all cases, however, these endoscopic vessel harvesting systems are 
designed to accommodate and function with a conventional endoscope, and arc therefore 
claimed accordingly. 

10063] Tubing 42 supplies insufflation gas into an input within the handle 34 that opens 
into an elongated passage within the cannula 30 in communication with a distal egress port 44. 
30 In use, the user inserts the distal tip 32 and cannula 30 into the body -through an access device 
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^ such as the trocar 24 seen in Fig. IC, and into proximity with a target vessel, such as the 
3 saphenous vein in the leg. By pushing the conical tip 32 along the target vessel under 
endoscopic vision, the user is able to grossly dissect connecting tissue from around the vessel. 
O Insufflation gas forced out of the distal port 44 pressurizes the dissected cavity and faciliutes 
5 viewing and further dissection. After a desired length of target vessel has been separated from 
surrounding tissue, the dissector 20 is removed from the patient 
^ 100641 Subsequent to vessel dissection, the vessel harvester 22 is inserted through the 

CO access trocar 24 and into the dissected cavity around the target vessel. The vessel harvester 22 
^ also includes an elongated tube or cannula 50 extending between an open distal end 52 and a 
^ 0 proximal handle 54. Again, a conventional endoscope 38 snaps into a proximal bell-shaped port 
O 56 that includes an axial slot 58 to receive the pcipendicularly-extcnding optical connector 40. 
^ As with the dissector 20, the elongated shaft of the endoscope passes entirely through the 
cannula 50 and terminates at a viewing end or objective lens 60 close to the open distal end 52. 
(00651 The harvester 22 further includes tools to sever side branches from the target 
.5 vessel while simultaneously closing them off to prevent bleeding. For instance, a holding tool 
62 may be used to manipulate the target vessel so that a severing and sealing tool 64 has clear 
access to the various side branches. Each of these tools may be manipulated by controls 66 
provided in the handle 54. One of the controls 66 is a thumb lever thumb lever that connects to a 
wiper blade at the distal end of the elongated cannula 50 for clearing the objective lens 60 of the 
20 endoscope. To faciliute the harvesting operation, an insufflation system including tubing 68 
may be provided so that gas may be passed out the open distal end 52 of the cannula 50. Also, 
electrical wires 70 connect to the handle 54 to provide energy for a coagulator incorporated into 
the severing and sealing tool 64. It should be understood that as generally described so far. these 
components of the prior art vessel harvesting system are well known in the art, the present 
25 application dealing with improvements thereto. 

(00661 The third main component of the harvesting system is the access trocar 24 seen in 
Fig. IC. In this embodiment, the trocar includes a mam access tube 70 having an angled distal 
tip 72 and a proxhnal housing 74. Although not shown, an inner seal such as a diaphragm seal 
may be incorporated within the housing 74 to provide a gas-tight interface with the dissector 20 
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or harvester 22 that passes through the trocar 24. The main access tube 70 extends through an 
incision in the body and a spring-biased clip 76 secures the trocar thereto. 



O IMPROVEMENTS TO DISSECTION FUNCTION 

5 |0067| Fig. 2A shows the distal end of an alternative vessel dissector 80 of the present 

\0 invention including an articulated dissecting tip 82. The tip 82 connects to an elongated cannula 
Q 84 via an accordion-likc flexible interface or sleeve 86. A pair of pull wires 88 extends through 
2 the cannula 84 and attaches to points on opposite sides of the dissecting tip 82. By manipulating 
the puU wires 88. the user can angle the generally conical tip 82 in cither direction within a 
^ 0 plane, relative to the axis of the elongated cannula. By rotating the entire cannula 84, a fiill 360" 
O range of tip movement is obtained. The flexible sleeve 86 acts like a compression spring and 
tends to revert the tip 82 back to an axial alignment when pull forces arc released. 

100681 Fig. 2B is another alternative vessel dissector 90 having an articulated dissecting 
lip 92. As with the dissector 80. the tip 92 connects to the distal end of an elongated cannula 94 
,5 in a manner that enables it to be angled within a plane with respect to the cannula. In this 
embodiment, a spherical bearing surface 96 provides the interface between the tip 92 and 
cannula 94. A pair of pull wires 98 connected to the lip 92 enables the user to angle the tip as 
desired. A flexible spine of sorts (not shown) may also be provided to provide a force that 
restores the axial alignment of the tip 92 when pull forces arc released. 
20 [0069] Fig. 3 is a side view schematically illustrating the possible path of bodily fluids 

into an existing endoscopic vessel dissector 100 that includes one or more ports 102 near its 
distal end for insufflation of gas such as COj. That is, a passage is provided within the cannula 
of the vessel dissector 1 00 to deliver gas from a proximal end thereof to the ports 112. If fluid is 
permitted to enter the cannula through the insufflation ports 102. it may evenmaJly migrate to 
25 within the transparent distal tip and interfere with endoscopic viewing therefrom. 

|0070| Fig. 4A illustrates the distal end of an alternative vessel dissector 110 of the 
present invention including a small fluid barrier 1 12 extending proximally from the distal tip 1 14 
for inhibiting ingress of bodily fluids into insufflation ports 116 fonncd in the side of the 
dissector cannula. The fluid barrier 112 in this embodiment comprises a tubular shield which 
30 can be formed from relatively thin medical plastics. The fluid barrier 1 12 is desirably flexible 
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enough to permit gas egress from the ports 116 while preventing liquid or solid ingress, much 

^ like a reed vaWc. 

(S| 100711 Pifi- shows an alternative vessel dissector 120 having an altcniative fluid 

^ barrier 122 surrounding the distal end thereof near the distal tip 124. The fluid barrier 122 in 

5 this embodiment comprises a tubular porous membrane that covers the gas insufflation ports 126 

^ in the side of the dissector cannula so that liquid or solid is prevented from entering though gas 
00 

O can exit The membrane 122 is any medically suitable gas-permeable liquid-resistant bamcr 
g such as ePTFE made by W.L. Gore. 

CN 100721 In a further embodiment, the port from which insufRation gas is expelled is 

^ 0 located not on the cannula body, but on a dissecting tip secured to the disul end thereof. For 
O example, the dissecting tips 82. 92 of Fig. 2A/2B may feature a port from which gas escapes into 
the surrounding tissue cavity. Alternatively, a transparent conical tip 32 as in Fig. 1 A may have 
a port formed at the distal apex. In each of these alternatives, a fluid barrier desirably fills or 
covers the port to prevent liquid or solid ingress, while permitting gas egress. Forming the port 
15 on the dissecting tip may be advantageous because the gas is expelled farther distally, and a 
selection of different tips as desired may be coupled to a generic cannula. 

100731 Fig. 5A is a schematic side view of an endoscopic vessel dissector 100 of the 
prior art passing through body tissue 104. Insufflation assists in maintaining the dissected cavity 
or njnnel, though there may be friction between tissue and the following cannula 106 because of 
20 its equal size relative to the dissecting tip 108. 

100741 To help facilitate passage of the cannula through tissue, an endoscopic vessel 
dissector 130 of the present invention seen in Fig. 5B includes a narrowed cannula 132. at least 
adjacent to a dissecting tip 134 and desirably along its entire length. The cannula 132 has a 
diameter that is smaller than the diameter of the dissecting tip 134, and preferably between about 
25 50-75% of the diameter of the dissecting tip 1 34. A narrow cannula pn)ximal to the dissecting 
tip improves maneuverability and reduces shaft friction within the dissected tunnel. 

[00751 Figs- 6A-6C are longitudinal sectional views through alternative transparent tips 
for use with endoscopic vessel dissectors of the present invention. Prior transparent dissection 
tips, such as seen in U.S. Patent No. 5,980.549 to Chin, ct al., include a hollow interior with a 
30 front wall tapering to a sharp point, or apex. The outer profile retains a more rounded, blunt 



-15- 



o 
o 

^ configuration for atraumatic dissection. The shaip inner apex helps remove a spot of distortion 
. ^ in the center of the visual field. 

^ [0076| In addition to distortion, some conical blunt dissccdon tips made of clear 

O materials reflect light from the light fibere back to the objective lens of the endoscope. To 
; address this . need, a generally conical dissection tip 140 in Fig. 6A inchidcs an inner tapering 
\0 surface 142 that terminates at its distal end in a line 144 so as to form an elongated inner comer, 
^ or reverse wedge shape. This configuration works to reduce glare back to the objective lens of 
CO the endoscope. In Fig. 6B, a dissection tip 146 includes an inner surface that tapers downward 
^ toward its distol end and leiminaies in a flat surface 148 set at an angle firom the axis of the tip 
^ ) 146. In this case, incident light is reflected away from the objective leas, which is typically 
O placed along or near the axis of the tip or dissector cannula. Finally, Fig. 6C illustiBtcs a 
^ dissection tip 150 having an internal taper that ends at its distal-most extent in a backward 
wedge. This shape helps deflccl light from the fibeis outward as opposed to directly backward, 
thus reducing glare or reflection. All of these shapes have the effect of reducing incident glare 
5 from the light fibers back to the objective lens of the endoscope, thus improving the user's view. 

(00771 A common technique for vessel harvesting is to provide a separate vessel 
dissector and vessel harvester, with the devices being inserted one at a time in the body, typically 
through the access trocar. Such is the configuration of the system in Figs. lA-lC. However, it 
is conceivable that the dissecting and harvesting functions can be combined into a single device 
10 to save time. For instance, Fig. 7 schematically illustrates the distal end of an integrated 
endoscopic vessel dissector/harvester 160 of the present invcnHon having a blunt dissecting tip 
162 with apertures or recesses for the harvesting tools. More particularly, a vessel holding tool 
164 includes a tapered outer surface to match the dissection rip 162 and is stationed within a 
recess therein. Likewise, a vessel severing tool 166 having an outer surface that conforms to the 
^5 dissection tip 162 is retracted into a similar recess. Each of the vessel holding tool 164 and 
vessel severing tool 166 docks into recesses in the dissecring tip and has an exterior shape that 
confomis to the conical exterior of the dissecting tip so as to match its shape. The distal end of 
an endoscope 168 is seen extending within the clear dissection tip 162. For dissection, the tools 
164, 166 are retracted to conform to the conical tip 162. Then, by manipulating the vessel 
30 holding tool 164 and vessel severing tool 166 (such as by axial and rotational movement). 
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^ selected side branches or primary vessels may be severed and sealed immediately after a section 
^3 of tannel ai»und the primary vessel has been dissected. The vessel dissector/harvester 1 60 is 
^ therefore advanced in stages along the primary vessel performing both dissection and side 
branch managemenl. 

5 10078) Another configuration that is contemplated to combine the (unctions of the tissue 

VO dissector and vessel harvester is to provide a dissection tip that can be detached from a cannula 
g which contains harvesting tools. For example, any of the conical tips seen in Figs. 6A-6C may 
be separable from a cannula that houses any of the harvesting tools described below. With such 
^ a system the user may alternate between dissection m ligation-transection as desired, 
g 0 Furthermore, such a detachable conical tip may include an opening therethrough to permit CO, 
O insufflation. Following dissection, the cone is detached and insufflation may continue through 
the open end of the cannula. Another alternative is to provide a tether com>ecting the removable 
conical tip to the cannula. In this way. the tip can be detached the remains in close proximity to 
the distal end of the cannula for reattachment if desired. 
15 100791 Occasionally, fatty or other tissue sticks to the outside of the conical dissecting 

tip and prevents clear visualization then;through. Fig. 8 is a perspective view of an endoscopic 
vessel dissector 170 of the present invention having a wiper blade or finger 172 for clearing the 
distal dissecting tip 174 of tissue. In this embodiment, the wiper blade 172 pivots about an axis 
176 at the beginning of the dissecting tip 174. or end of the cam.ula 178. An actuating rod 180 
20 controlled by a thumb lever 182 connects to the wiper blade 172 and pemiits the user to 
alternately retract and engage the blade with the exterior of the dissecting tip >74. TTie tip 174 
.otates about Oie axis of the cannula 178 when the user turns a knob 184 at the proximal end of 
the device. Hie wiper blade 172 may be rigid or include a resihent scraper much like a vehicle 
wiper blade. Various structural details of this arrangement are left out but are well within those 
25 skilled in the art of medical device design. Ukewisc, alternative arrangements are contemplated, 
such as those shown in Pigs. 9 and 10. 

(00801 Figs. 9 and 10 are perspective views of the distal tip of two alternative 
endoscopic vessel dissectors of the present invention both having tip wiping capabilities. The 
dissector 190 in Fig. 9 is similar to the dissector 170 of Fig. 8 in that it includes a wiper blade or 
30 finger 192 for clearing tissue from the conical dissecting tip 194. Instead of the tip routing. 
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^ howcvCT, the blade 192 swivels about the axis of the device, such as through its connectioD with 
^ a rotating outer sleeve or shaft 196 of the elongated device. Again, details of the actuation of the 
shaft 196 are not shown, but are easily borrowed or surmised from existing devices. Fig. 10 
O illustrates a dissector 200 fitted with an 0-ring wiper 202 over its conical dissecting tip. An 
> actuation rod 204 displaces the O-ring wiper 202 longitudinally to wipe clean the dissecting tip. 
\0 The O-ring wiper 202 may be formed as a loosely-wound metal or plastic spiral to facilitate 
Q expansion and contraction around the tip. Of course, there arc numerous other configurations of 
<^ wipers that may be displaced over the dissecting tip, the present application only illustrating an 
(S| exemplary selection. 

^ 0 [0081) A further alternative to the tip wiping devices in Figs. 8-10 is to add an energized 

O cutting electrode to the wiper blade to remove tissue via ablation. That is, instead of or in 
addition to an inert rigid or resilient blade, a wire or bar electrode may be incorporated to enable 
clearing of more stubborn tissue via electrocautery. Although a specific stnicture is not shown, 
the reader will understand that any of the wiper elements shown in Figs. 8-10 may represent 
.5 such an energized wiper. 

(00821 Still further, any of the conical tips illustrated herein, including the simple prior 
art tip seen in Fig. 5A, may be fitted with a system for clearing adhered tissue using fluid 
expelled from the cannula. For example, an annular opening or a scries of separate 
circumfcrcntjally-spaccd openings may be provided between the conical tip and cannula, and 
20 streams of saline expelled from the openings to knock tissue off the tip. Saline is particularly 
suitable, although other fluids such as jels of CO2 gas maybe used. The design intent would be 
to port the fluid so that it flowed distally along the surface of the cone using the Coanda effect in 
which a stream of fluid or gas will tend to hug a convex contour when directed at a tangent to 



25 



that surface. 



l^pi^ QVEMENT^ TO VESSEL H ni PrNG FUNCTION 

(00831 Once the target vessel has been exposed, such as with dissection along its length, 
endoscopic vessel harvesting involves passing an elongated device under visualization along the 
vessel to sever and sea! side branches. As mentioned above, numerous such systems are 
30 cuncntly available, including the system seen in Fig. lA-lC. In that system, a vessel holding 
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^ tool manipulates the target vessel such that the side branches are positioned in front of a severing 
^ and scaling tool. It is important to prcsetit both the side branch and target vessel clearly so that 

the user docs not accidentally cut the target vessel instead of the side branch. Also, n is 
O desirable to retract the target vessel so that the side branch can be cauterized as far away from 
5 the target vessel as possible, to mininnize risk of damage to the vessel from the cautery tool 

(thermal spread). 

^ (0084) Figs. 1 1 A and U B arc schematic side views of an endoscopic vessel harvester of 

g the prior art showing a vessel holdiag tool 210 and a complemenUry severing tool 212 axialJy 
CSI extended from the distal end of a cannula 214. The holding tool 210 typically has a hook or 
^ lO other capturing feature for holding a primary vessel 216. As the device advances, side branches 
O 218 are encountered and the system is manipulated to place them in line with the severing tool 
212. There are certain drawbacks to this arrangement, in particular the linear extension of the 
tools 210. 212. rendering them somewhat awkward to maneuver for proper positioning of the 
side branches 218. 

15 lOOSSl Figs. 12A and 12B arc schematic side views of an endoscopic vessel harvester 

220 of the present invention showing a vessel holding tool 222 and a severing tool 224 extended 
from the distal end of a cannula 226. To more easily accomplish straightening of the side 
branches 218 in line with the severing tool 224. the vessel holding tool 222 translates laterally. 
AS seen in Fig. 12B, the effect of angling the holding tool 222 radially outward is to faciliutc 
20 advancement of the tool along the primary vessel 216 as well as to straighten the side branch 218 
for more effective cutting with the severing tool 224. A comparison of Figs. HA and I2A 
shows the increase in spacing between the hoWing and severing tools, which exposes a greater 
length of side branch. The holding tool 222 can be displaced laterally as shown by simply 
mounting it on a curved or bent actuation rod, or via an angling mechanism, not shown. In the 
25 case of a curved or bent support rod, the rod may be flexible so as to retract within the cannula, 
and the farther the tool 22 extends the greater the lateral displacement In general, the vessel 
holding tool 222 includes a support rod that extends through the elongated cannuU 226 and 
which is angled or is configured to angle laterally at a location close to the distal end of the tool. 
[0086] Fig. 13 is a schematic side view of an alternative endoscopic vessel harvester 230 
30 of the present invention wherein a vessel holding tool 232 includes a tip angled toward the 
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vessel sevenng tool 234. In this way, Ac holding tool 232 can position the primary vessel 216 

3 in line with the severing tool 234. Ultimately, the primary vessel 21 6 will be severed at at least 

^ one end after having been separated from its connecting side branches. The holding tool 232 

O facilitates this step. It is conceivable that the harvesters 220 and 230 can be combined such that 

5 the vessel holding tool may alternately be angled away from the severing tool, as Been in Fig. 

\Q 12A. and toward the severing tool, as seen in Fig. 13. In other words, an articulating vessel 

^ holding tool may be provided that has a support rod extending through the cannula which is 

CO configured to articulate laterally at a location close to the distal end of the tool and enable 

^ different angulations depending on the situation. 

^ 10 (0087J Figs. 14A-)4C are several views of the 'transverse displacement of an alternative 
vessel holding tool 240 upon extension from the cannula 242 of an endoscopic vessel harvester 
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of the present invention, bi this embodiment, the holding tool 240 mounts on the end of an 
elastic wireform 244 having a bend 246. When retracted, the wireform 244 straightens within 
the delivery channel 248. As the tool is extended, the bend 246 eventually clears the end of the 

1 5 channel 248 causing lateral displacement of the holding tool 240. 

|0088] Another way to enable angling of the distal end of the vessel holding tool is to 
provide a flexible support rod or wireform and surround it. with a rigid hypotubc. Both 
structures may longitudinally extend from the mouth of the cannula, and then retraction of the 
hypotube from around the wireform angles the vessel holding tool. In this embodiment, greater 

20 maneuverability of the vessel holding tube is provided as it may be angled at various axial 
locations rather than immediately as it exits the cannula. 

10089] In a further advantageous feature, the vessel hook of the vessel holding tool may 
incorporate a tapered blunt distal dissecting surface for blunt dissection of tissue. The term 
"biunl" surface in this context means one without sharp points or comen and with some degree 

25 of taper to facilitate division or partition of tissue planes. For example, the conical tips described 
herein are considered blunt, and as a rule do not have sharp points. The more rectilinear tissue 
holders of the prior art, however, are too blunt and not well suited for tissue dissection. 

|0090| It is very important to minimize obstructions in the field of view - the more the 
device blocks the user's view of the tissue, the greater the risk of avulsions and cautery mistakes. 

30 Figs. I5A-15B are side and perspective views of an alternative vessel holding tool 250 of the 
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^ present invention that has a lower profile than previous tools and thus provides greater visibility 

3 of its operation. With reference back to Fig- IB, the holding tool 62 of the prior art includes two 

rods or supports that extend distally from the cannula 50. These two rods present solid viewing 

O obstacles interposed between the endoscope objective lens and the actual vessel holding 

) operation. Desirably these obstacles arc minimized. 

VD [0091) In one such bwcr profile holder, the vessel holding tool 250 has a single main 

^ rod or support 252 extending distally from the distal end of the cannula 254 that carries a vessel 

CO hook 256. The hook 256 is shaped to partially sunound the primary vessel and manipulate it to 

present a side branch to an associated vessel severing tool (not shown). Fig. 15B illustrates the 

^ 0 extension of a locking member 258, which can be. for example, a concentric or telescoping 

O extension of the main rod 252. The hook 256 may be substantially C-shapcd so as 10 partially 
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surround the vessel, and the extension of the locking n»embcr258 closes the remaining open side 
so that the vessel is completely surrounded and captured therein. In this way, a vessel may be 
securely held by the holding tool 250 without risk of dislodgment yet the view from the 

5 objective lens is maximized by removal of one of the support rods. 

(00921 Figs. 16A-1 6B iliustrate a further vessel holding tool 260 of the present invention 
formed of thm wire, also to reduce its profile, reduce impediments to endoscopic viewing, and 
thus increase visibihty and accuracy of the operation. The tool 260 extends from the cannula 
262 and includes a hook portion 264 formed of a single wire, and a translating locking member 

20 266 formed of another wire or pin. Again, with the locking member 266 extended the holding 
tool 260 completely encloses the vessel for manipulation and severing. Although there are two 
support rods extending from the cannula, they are extremely thin and present a minimum 
viewing obstacle to the objective lens. Desirably, the holding tool 260 is formed of metal or 
plastic wires having a thickness of between about 0.5 mm and 1 .0 mm. 

25 (0093) Fig. 17A is a partial sectional view of a vessel holding tool 270 of the present 

invention incorporating a mechanism for preventing vessel avulsion. These types of vessel 
holding tools are used to hook the primary vessel and move down its length, occasionally 
stopping to sever side branches. If the tool is moved too fast or loo hard when a side branch is 
reached, damage can occur. The tool 270 includes a hook portion 272 that is mounted on the 

30 end of a displacement rod 274 extending from the cannula 276. Within the cannula 276, the rod 
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^ 274 passes through a fnctioii collar 278 that acts as a damped slip mechanism between the hook 
portion 272 and die cannula 276. That is. if the hook portion 272 experiences resistance as it 
tiBvels down the length of the primary vessel, further movement of the cannula 276 will not 
O further pull or push on the vessel, but instead will cause damped relaSve movement between the 

5 cannula and the hook portion. 
\Q 100941 In a similar manna. Fig. 17B shows a vessel holding tool 280 with a hook 

g portion 282 mounted on a displacement rod 284 extending from a cannula 286. A slip 
Cn mechanism 288. in this case a piston/cylinder/spring arrangement, permits damped relative 
^ tool/cannula movement in case the hook portion catches on any body stnicture and generates a 
g 0 reaction force in the displacement tod 284 in opposition to movement of the cannula 286. Of 
O course, the two examples of Figs. 17A and 17B are merely exemplary and other clutch 
^ mechanisms performing a similar function can be substituted. 

[00951 Finally, Fig. 18 illustrates still another vessel holding tool 290 of the present 
invention having an enlarged locking member 292 for better positioning of the vessel 294. That 
15 is, the vessel 294 is first retained v^thin the hook portion 296 then a locking member 292 is 
axially extended to capture it Earlier locking member were thin rods oi pins that left a 
relatively large space within the mouth of the hook portion 296. and thus especially smaller 
vessels could easily move around. In this embodiment, the locking member 292 is shaped as a 
large wedge that limits the space in which the vessel 294 is held and thus increases its stability 
20 prior to the side branch severing operation. In terms of relative size, the locking member 292 
when extended desirably reduces the space within the mouth of the hook portion 296 by about 
50%. The tapered leading edge helps prevent pinching of the vessel as the locking member 292 
extends. 

25 IMPROVKMEKTS TO VR.SSEL SEVFBTNn FUNCTION 

100961 Numerous instmroents are known which coagulate, seal. join, or cut tissue, and 
which are suiUble. for example, for severing a target vessel from surrounding side branches and 
securing d.e separated ends to stanch bleeding. Such devices typically comprise a pair of 
tweezers, jaws or forceps that grasp onto and hold tissue therebetween. The devices may operate 

30 with a heating element in contact with die tissue, with an ultrasonic heater that employs 
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^ frictional heating of the tissue, or with a mono- or W-polar electrode heating system that passes 
3 current through the tissue such that the tissue is heated by virtue of its own electrical resistance. 
^ The devices heat the tissue to temperatures such that the tissue is cither "cut" or "sealed", as 
O follows. When tissue is heated in excess of 100° Celsius, the tissue disposed between the 
5 tweezers, jaws or forceps will be broken down and is thus, "cut". However, when the tissue is 
VO heated to temperatures between 50° to 90° Celsius, the tissue will instead simply "seal" or 
^ "weld" to adjacent tissue. Monopolar and bipolar probes, forceps or scissors use high frequency 
cn electrical current that passes through the tissue to be coagulated. The current passing through the 
^ tissue causes the tissue to be heated, resulting in coagulation of tissue proteins. In the monopolar 
0 variety of these instmmcnts, the current leaves the electrode and after passing through the tissue. 
O returns to the generator by means of a "ground plate" which is attached or connected to a distant 
^ part of the patient's body. In a bipolar version of such an electro-suigical instrument, the electric 
current passes between two electrodes with the tissue being placed or held between the two 
electrodes as m the "Kleppinger bipolar forceps" used for occlusion of Fallopian tubes. A new 
15 development in this area is the "Tripolar" instrument marketed by Cabot and Circon-ACMI 
which incorporates a mechanical cutting element in addition to monopolar coagulating 
electrodes. A similar combined sealing and mechanical cutting device may also be known as a 
tissue "bisector." which merges the terms bipolar cautery and dissector. One tissue bisector is 
packaged for sale as an element of the VASOVIEW® 6 vessel harvesting systems by Guidant 
20 Corporation of Santa Claia. OA. In ultrasonic tissue heateis. a vety high frequency (ulttasonic) 
vibrating element or rod is held in contact with the tissue. The rapid vibrations generate heal 
causing the proteins in the tissue to become coagulated. Conductive tissue weldeis usually 
include jaws that damp tissue theiebetwecn, one or both of which ate resistively heated. In this 
type of instrument, no electrical current passes through the tissue, as is the ease for monopobr or 
25 bipolar cautery. 

100971 It should be understood that any of these prior instruments for severing and/or 
sealing vessels, or those described below, may be combined with the various component of the 
vessel harvesting systems described herein. It should also be understood that various 
configurations of monopolar, bipolar, or other type of electrodes may be provided on the vessel 
30 severing/sealing tools described below. TTiose of skill in the art will understand that the 
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^ particular shape and size of the electrodes, and their arrangement with respect to other 
^3 electrodes, will dictate the power requirements and operational constraints. Further, some 
^ embodiments described herein may work better with one or other type of electrodes oi heating 
Q elements, though such optimal permutations will not be exhaustively described 

5 100981 One important furtction of any severing tool is to manage vessels of different 

VO sizes without extra effort on the part of the user This is particularly important for bipolar 
§ cautery tools which must realiic good tissue contact with both electrodes for optimum 
^ performance. For fixed electrodes (such as the •'bisedior" described aboveX small vessels arc 
^ more difficult to cauterize; users are Qughl to position the vessel between the bisector 
^ 10 electrodes, and then to rotate the bisector to ensure good contact with both electrodes. Merely 
O decreasing the distance between the electrodes for better contact may prevent use on larger 
vessels. Moveable electrodes, or jaws, are on solution but require some additional effort to 
avoid clamping too hard on the vessel, which may result in damage thereto. 

[00991 Figs- and 19B are schematic views of an allcmalive vessel severing tool 300 
15 of the present invention having two wire electrodes 302 overlapping across a large gap G 
defmed by a mouth for receiving a vessel. In contrast with some earlier devices, the gap G is 
large enough to receive both the side branches and the primary vessel, preferably betweeu about 
4.0 mm and 6.0 mm, more preferably about 6.0 mm. The wire electrodes 302 that overlap in a 
crossing pattern across the gap O are resihcnt and flex to automatically accommodate widely 
20 varying sizes of vessel. In this context "accommodate" means to contact opposite sides of the 
vessel. This is especially important to ensure good contact with very small vessels. The vessel 
severing tool 300 desirably accommodates vessels having diameters that range from between 0.5 
"mm and 6.0mm. In a variation of the embodiment of Figs. 19A and 19B. a vessel severing tool 
has a mouth defined by facing vessel contacts that flex apart upon receiving a vessel 
25 therebetween, though the contacts may not be electrodes. Any cutting tool may be combined 
with a variably-sized mouth to secure different sized vessels. 

IDIOOl D esirably, the wire electrodes are made of stainless steel and have a wire 
thickness of between about 0.5 mm and 1.0 mm so that they easily flex to permit a vessel to 
move farther into the gap than if they were mor€ rigid and thus ensure good current contact with 
30 the vessel. Also, as seen in Fig. 19B, the wire electrodes 302 arc set at different radial distances 
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^ from the central axis of the tool out of contact with each other, thus providing the separation 

^ needed for bipolar coagulation. One distinct advantage of the vessel severing tool 300 over prior 

(N| designs is its ability to autonialically accommodate varying sizes of vessel. That is tools having 

movable jaws, for example, can adapt to various vessel diameters but only upon careftil user 

; manipulation. The tool 300 thus speeds up the entire vessel harvesting operation, which may 

^ involve severance of numerous vessels. 
OO 

O f 01 oil Fig. 20 is a side view of an alternative vessel severing tool 310 of the present 

invention having a stepped vessel-receiving mouth 31Z The stepped shape of the mouth 312 
CN| accommodates a wider range of vessel sizes while ensuring good conUcl with tissue cautery 
Q ) electrodes (not shown) provided, for example, on opposite sides of the mouth. In contrast to a 
^ fixed V-shapcd gap, the stair-stepped shape of the mouth 312 presents several progressively 
smaller intermediate gaps with generally parallel sides that provide regions of constant width 
surface contact with the vessel. Also, the step to the next smaller intermediate gap contacts the 
vessel. This "braclceting'* of the vessel helps ensure a good seal without the risk of excessive 
5 pinching. The vessel severing tool 300 desirably accommodates vessels having diameters that 
range from between 0.5 mm and 6.0 mm. In one embodiment, the mouth 312 of the vessel 
severing tool 300 defines intermediate gaps having widths in decreasing increments of 1 .0 mm, 
for example 6-5-4 mm, or 5-4-3 mm. 

101021 Although immovable severing/sealing tools may prove suiuble in certain 
:0 applications, often it is desirable to apply certain amount of pressure to the vessel with movable 
jaws, for example. Figs. 21 A-21B illustmte a vessel severing tool 320 of the present invention 
having jaws 322 that art rcsilienlly biased away from one another and which can be partially 
closed. The jaws 322 may carry bipolar or monopolar electrodes. A pull wire or control rod 324 
connects to a closure ring 326 and enables axial displacement thereof for closing the jaws 322, 
!5 as seen in Fig. 21B. Visualization of the severing/sealing operation then enables the user to vary 
the extent of closure of the jaws 322, and thus the magnitude of pressure applied. The jaws 322 
cannot completely close and have a minimum gap therebetween as see in Fig. 21B of between 
about 0.5 ram and 1 .0 mm. This mmimum is calibrated so that the tool 320 accommodates even 
the smallest expected vessels, yet excessive clamping of even much larger vessels is reduced 
30 because there is no contact between the jaws 322. 
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^ , 101031 Fig. 22 is a side view of a vessel severing tool 330 having stationery jaws 332 and 

^ rotary blades 334 incorporated thereon. The blades 334 may be connected to electric power and 
(N| function as cutting electrodes, or may be inert knife blades, that wortc in conjunction with 
^ separate scaling electrodes (not shown) provided on the jaws 332. This configuration removes 
5 the need for providing electrodes that perform dual severing and scaling functions, which frees 
the designer to optimize the seah'ng electrodes. 
O 101041 Figs. 23A-23B arc two side views of a vessel severing tool 340 having a movable 

^ blade 342 that desirably worlcs in cooperation with electrodes (not shown) that seal the cut 
vessel A control rod 344 connects to displace the blade 342 toward an anvil 346 provided on a 
^ 0 hook portion 348 of the tool 340. The blade 342 and cooperating anvil 346 arc sUghtly angled as 
O shown to sever the vessel with a shearing action. A mechanical cutter such as this may be 
desirable in contrast to electrocautery transection which can be time-consuming, may inflict 
thermal damage on the tissue, and may not be entirely effective. 

f 01 051 Fig. 24 schematically illustrates a vessel severing tool 350 having a system for 
5 clearing tissue iherefrom using gas jets. Occasionally, the repeated application of heat or 
electricity to tissue creates sticking or burning of the tissue to the electrodes. One means to 
resolve this problem is to provide tubing 352 extending adjacent a severing/sealing tool 354. 
The tubing 352 terminates close to the electrodes or cutting blades of the tool 354 and jets of gas 
such as CO: may be expelled from the open ends or from special nozzles to knock tissue off the 
10 tool. CO2 is particularly suitable because it is already used for insufflation of the body cavity, 
although other fluids such as saline may also be used. 

101061 F isss. 25A-25B are front and top section views, respectively, of an alternative 
vessel severing tool 360 capable of translating transversely as well as longitudinally. An 
electrode-carrying member 362 translates chcumfercntially withm an arcuate slot 364, and may 
25 be actuated by a control rod 366. This artangcmcnt greatly enhances the maneuverability of the 
tool and consequently the options for the user. 

101071 In Fig. 26, a severing/scaling tool 370 shown from its front end within an 
insufflated tunnel 372 includes a cannula having a pair of partial nibular vessel shields 374 
extending therefrom around a primary vessel 376. The gaps between the shields 374 
30 accommodate side branches 378 firom the primary vessel 376. A tubular cutting element 380 
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^ that may be axially displaced from the cannula surrounds the shields 374. The user positions the 
^ shields around a vessel 376 with the side branches 378 as shown, and then advances the cutting 
(Nj element 380. The shields 374 protect the vessel 376 and ensure adequate stump length of the 
^ tmnscctcd branches 378. The cutting element 380 may be a tubular knife blade or an electrode 
5 designed to cut. 

^ 101081 Figs. 27A-27B arc side and lop views of a vessel severing/seahng tool 400 that 

O ineoTporates several moving parts. The tool 400 includes a pair of foric^haped electrodes 402 
2 spaced laterally apart so as to create a gap within which moves a severing blade 404. A vessel 
CnI capturing mandible 406 also moves within the gap between the electrodes 402. In use. a vessel 
O 0 408 is seen positioned within the tines of the fork-shaped electrodes 402 and prior to capture by 
S the mandible 406. The mandible 406 has a serrated distal finger to securely capture the target 
vessel within the tines. Upward movement of the mandible traps the vessel 408 at which time 
energy may be applied by the electrodes 402 to begin the coagulation process. SubsequenUy. the 
blade 404 actuates downward and severs the vessel 408. Mechanisms for moving both the blade 
,5 404 and mandible 406 are not shown, although both have angled or arcuate proximal surfaces 
that can be utilized to cam against a delivery cannula and dispbice the elements toward one 
another upon their proximal retraction using a control rod, for example. 

101091 Fig. 28A-28B are two schematic views of a vessel severing/scaling tool 420 
incorporating a side.K)pemng cutter/sealer 422. to the enlarged view of Fig. 28B, the cutter 422 
20 comprises an upper electrode 424 and a lower electrode 426 separated across a slot 428. The 
upper and lower electrodes 424, 426 may be bipolar, and the slot 428 may aaommodate a knife 
blade or o*er such cutting device. Fig. 29 is an endoscopic view showing the use of the lool 
420 severing a side branch 430 from a primary vessel 432. 

1011 01 Finally. Fig. 30 is a top plan view of an alternative severing tool 440 which has a 
25 first ring-shaped electrode 442 extending from a camiula stricture 444. and the second coil- 
shaped electrode 446 concentrically arranged around the fiist electrode. • 

10! Ill While the invention has been described in its preferred embodiments, it is to be 
understood that Ihe words which have been used are words of description and not of limitation. 
Therefore, changes may be made within the appended claims without departing from the true 
30 scope of the invention. 
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^ The claims defining the invention are as follows: 

^ I . A vessel dissector that is used in conjunctioii with au endoscope, comprising: 

an elongated cannula including a lumen therein for receiving the endoscope, the 

CN elongated cannula further housing a passage for delivery of an insufflation gas 

therethrough; 

an input for connecting to a supply of insufflation gas. the input being in fluid 

^ communication with the passage; 

O a port opening near the distal end of the elongated cannula in fluid 

2 communication with the passage and out of which insufflation gas is expelled; and 

^ a fluid barrier covering the port that permits expulsion of insufflation gas from 

O the passage within the elongated cannula and prevents ingress of fluid from outside the 

^ elongated cannula through the port to the passage. 

2. The vessel dissector of claim I. wherein the port is formed in the side of the 
elongated cannula. 

3. The vessel dissector of claim 2. whcrdn the fluid barrier comprises a tubular 
member suirounding the distal end of the elongated cannula and covering the port. 

4. The vessel dissector of claim 1. wherein the fluid barrier comprises a polymer 
shield that closes off the port from the outside but is flexible so that insufflation gas may escape 
from the passage therethrough. 

5. The vessel dissector of claim 1» wherein the fluid barrier comprises a gas- 
permeable liquid-resistant membrane that permits escape of insuflnation gas therethrough but 
prevents entrance of fluid to the passage. 

6. The vessel dissector of claim 1 . further including; 

a transparent conical tip provided on a distal end of the elongated cannula that 

permits an operator of the dissector to dissect nssuc while viewing internal body 
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^ structures via an objective lens of the endoscope positioned close to the blunt tip, 

wherein the port is located at the apex of the conical tip. 



CN 7. The vessel dissector of claim 1 , further including; 

^ a transparent blunt tip provided on a distal end of the elongated cannula that 
permits an operator of the dissector to dissect tissue while viewing internal body 

^ structures via an objective lens of the endoscope positioned close to the blunt tip; and 

O a coupling between the distal end of the elongated cannula and the transparent 

2 blunt tip and a control member extending through the elongated cannula to enable the 

^ user to angle the tip relative to the axis of the elongated cannula. 

o 

^ 8. The vessel dissector of claim 7, wherein the coupling is selected from the group 

consisting of: 

^^an accordion-like flexible interface or sleeve; and 

a spherical bearing surface. 

9. A vessel dissector that is used in conjunction with an endoscope, comprising: 

an elongated cannula including a lumen therein for receiving the endoscope; and 

a hollow outwardly conical transparent dissecting tip provided on a distal end of 

the elongated cannula that permits an operator of the dissector to dissect tissue while 
viewing internal body structures via an objective lens of the endoscope, wherein the tip 
comprises a stnicture generally arranged about an axis and having an inner wall that 
terminates at a disul end in a shape that tends to reduce glare back to the objective lens 
of the endoscope in comparison to a conical inner wall that tapers symmetrically to an 
apex. 

10. The vessel dissector of claim 9, wherein the shape of the distal end of the inner 
wall of the dissecting tip is an inner lapeiing surface that terminates at its distal end in a line so 
as to form an elongated inner comer. 
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^ 11. The vessel dissector of claim 9/ whenan the shape of the distal end of the inner 

^ wall of the dissectjog tip is an inner surface that tapers downward toward its distal end and 

terminates in a Hat surfecc set at an angle from the axis of the tip. 

<N 

^ 12. The vessel dissector of claim 9. wherein the shape of the distal end of the inner 

wall of the dissecting tip is a bacVward wedge. 

00 . 

O 13. The vessel dissector of claim 9, wherein the dissecting tip has a tip diameter and 

O the elongated cannula has a diameter adjacent the dissecting tip that is between about 50-75% of 
the tip diameter. 

o 



^ 14. The vessel dissector ofcUim 9, further including; 

a vessel holding tool extending through, the elongated cannula and adapted for 

longitudinal movement therein; and 

a vessel severing tool extending through the elongated cannula and adapted for 

longitudinal movement therein; 

wherein the dissecting tip includes apertures for passage of the vessel holding 

tool and the vessel severing tool. 

l7 ^TTie vessel dissector of claim 14, and wherein each of the vessel holding tool and 
vessel severing tool docks into recesses in the dissecting tip and has an exterior shape that 
conforms to the conical exterior of the dissecting tip so as to match iu shape. 

16. The vessel dissector of claim 14, and wherein the vessel severing tool is a tissue 

welder. 

17. A vessel dissector that is used in conjunction with an endoscope, comprising: 

an elongated cannula including a lumen therein for receiving the endoscope; and 

a transparent blunt tip provided on a distal end of the elongated cannula that 

permits an operator of the dissector to dissect tissue while viewing internal body 
stiucnires via an objective lens of the endoscope; and 
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^ a wipci for clearing tissue from the exterior of the transparent blunt tip. 

1—5 18. The vessel dissector of claim 17, wherein the wiper is arranged on the elongated 

CN cannula to pivot about an axis to alternately contact and disengage ftom the transparent blunt tip, 
O 

and a mechanism for rotaring the blunt tip. 

^ 19. The vessel dissector of claim 17, wherein the wiper is arranged on the elongated 

O cannula to contact the blunt tip and swivel about the axis of the device. 

cn 
o 

20. The vessel dissector of claim 17, whcreiti the wiper is an Oring wiper fitted over 

t — ' 

O the blunt tip and connected to an actuation rod that displaces the 0-ring wiper longitudinally to 
wipe over the blunt tip. 

21 . The vessel dissector of claim 17, wherein the wiper is arranged on the elongated 
cannula to contact the blunt tip and has an ener^zed cutting electrode thereon to remove tissue 
via ablation. 

22. The vessel dissector of claim 17, fuither including a handle disposed at a 
proximal end of the clougatcd cannula and a thumb lever thereon connected to an actuating rod 
for displacing the wiper relative to the transparent blunt tip and clearing tissue therefrom. 

23- A vessel harvester that is used in conjunction with an endoscope, comprising: 

an elongated cannula including a lumen therein for receiving the endoscope; 

_a vessel holding tool extending through the elongated cannula and adapted for 



longitudinal movement therein, a distal end of the vessel holding tool including a vessel 
hook and a locking member used to capture a target vessel, wherein the hook is open on 
one side and extension of the locking member closes the open side so that the target 
vessel is completely surrounded and captured therein; 

_a vessel severing tool extending through the elongated cannula and adapted for 

longitudinal movement therein, the severing tool having a distal operative end with 
strvcturc for severing a target vessel; and 
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^ wherein the vessel holding tool includes a support lod that extends through the 

I elongated cannula and which is configured to angle laterally at a location close to the 

^ distal end of the tool to enable lateral vessel manipulation and improve positioning of the 

CS| vessel severing tool relative to the target vessel. 

o 



24. The vessel harvester of claim 23, wherein the support rod is bent out of a plane in 

^ which the support rod lies at a location close to the distal end of the vessel holding tool such that 
00 

O the distal end angles toward the vessel severing tool. 

m 
o 

25. The vessel harvester of claim 24» wherein the support rod is flexible such that the 
O bend 'S retracted into the cannula and distal extension of the vessel holding tool from the end of 
^ the elongated cannula displaces its distal end laterally. 

26. The vessel harvester of claim 24, wherein the support rod is flexible and 
suiTounded by a rigid hypotube which is also adapted for longitudinal movement with respect to 
the cannula, wherein extension of both the support rod and hypotube from the cannula and then 
retraction of the hypotube from around the support rod angles the vessel holding tool. 

27. The vessel harvester of claim 23. wherein the support rod is bent out of a plane in 
which the support rod lies at a locarion close to the distal end of the vessel holding tool using an 
active angling mechanism controlled from a proximal end of the elongated cannula, 

28. The vessel harvester of claim 23, wherein the vessel hook of the vessel holding 
too! mcludcs a blunt t^rcd distal dissecting surface for blunt dissection of tissue. 

29. The vessel harvester of claim 23, wherein the vessel hook of the vessel holding 
tool defines a space therein for receiving a target vessel, and wherein the locbng member is 
shaped as a large wedge to reduce the space wiftin the open vessel hook by about 50% and 
includes a tapered leading edge that helps prevent pinching of the target vessel as the locking 
member extends. 
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^ 30. A vessel harvester that is used in conjunction with an endoscope, comprising: 

an elongated cannula including a lumen therein for receiving the endoscope; 

a vessel severing tool extending through the elongated cannula and adapted for 



CN longitudinal movement therein, the severing tool having a distal operative end with 

structure for severing a target vessel; and 

a vessel holding tool extending through the elongated cannula and adapted for 

^ longitudinal movement therein, the vessel holding tool having a single support rod that 

O extends through the elongated cannula and a distal end with a vessel hook and a locking 

2 member used to capture a target vessel and manipulate it to present a side branch of the 

^ target vessel to the vessel severing tool, wherein the hook is open on one side and 

O extension of the locking member closes the open side so that the target vessel is 

^ completely surrounded and captured therein, and wherein the locking member extends 

concentrically from the single support rod on one lateral side of the vessel hook, the 

single support rod therefore reducing endoscopic viewing impediments relative to more 

than one support rod. 

31. The vessel harvester of claim 30, wherein the support rod is configured to angle 
laterally at a location close to the distal end of the tool to enable lateral vessel manipulation and 
improved positioning of the vessel severing tool relative to the target vessel. 

32. The vessel harvester of claim 30. wherein the vessel hook of the vessel holding 
tool includes a blunt tapered distal dissecting surface for blunt dissection of tissue. 

33. A vessel harvester that is used in conjunction with an endoscope, comprising: 
an elongated cannula including a lumen therein for receiving the endoscope; 

a vessel severing tool extending through the elongated cannula and adapted for 

longitudinal movement therein, the severing tool having a distal operative end with 
structure for severing a target vessel; and 

a vessel holding tool extending Arough the elongated cannula and adapted for 

longitudinal movement therein, the vessel holding tool having a support rod that extends 
through the elongated cannula and a distal end with a vessel hook and a locking member 
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3 used to capture a tarjet vessel and manipulate it to present a side branch of the target 

vessel to the vessel severing tool, wherein the hook is open on one side and extension of 
>^ the locking member closes the open side so that the target vessel is completely 

<N sunounded and captured therein, and wherein the distal end of the vessel holding tool 

^ including the hook and locbng mernber are constructed of a thin wiiefoim for reduced 

impediment to endoscopic viewing. 

oo 

O 34. The vessel harvester of claim 33. wherein the thin wiieform is formed of metal or 

O plastic wires having a thickness of between about 0.5 ram and 1 .0 mm. 
<N 

O 35. The vessel harvester of claim 33. wherein the support rod is configured to angle 

^ bterally at a location close to the distal end of the tool to enable lateral vessel manipulation and 
improved positioning of the vessel severing tool relative to the target vessel. 

36. A vessel harvester that is used in conjunction with an endoscope, comprising: 

an elongated cannula including a lumen therein for receiving the endoscope; 

a vessel severing tool extending through the elongated cannula and adapted for 

longitudinal movement therein, the severing tool having a distol operative end with 
structure for severing a target vessel; 

^ vessel hoWing tool extending through the elongated onnuU and adapted for 

longimdinal movement therein, the vessel holding tool having a support rod that extends 
through the elongated cannula and a distal end with a vessel holder used to capture a 
urget vessel and manipulate it to present a side branch of the target vessel to the vessel 
severing tool; and 

a damped slip mechanism provided around the support rod of the vessel holding 

tool for permitting relative movement between the cannula and the support rod if the 
vessel holder catches on any body structure and generates a reaction force in the support 
rod in opposition to movement of the cannula. 

- c 

37. The vessel harvester of claim 36, wherein the damped slip mechanism comprises 
a fricHon collar sunounding the support rod. 
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r-i 38. The vessel harvester of claim 36. wherein the damped slip raechanism compnscs 

5 a piston/cyUnder/springanangemcntcoopHng movement of the support rod and cannula. 

^ 39. ; The vessel harvester of claim 36. wherein the vessel holder of the vessel holding 

tool is open on one side and defines a space therein for receiving a target vessel, the vessel 
g holdingtool forthermcludingalocWngmemberthatmovestoclosetheopen sideoftheholdcr 
O so that the target vessel is completely surrounded and captured thenrin, and wherein the locking 
g member is shaped as a laige wedge to reduce the space within the open vessel holder by about 
^ 50% w^d inchides a tapered leading edge that helps prevent pinching of the target vessel as the 

O locking member moves. 
O 

40. The vessel harvester of claim 36. wheicin the vessel holding tool has improved 
visibility by virtue of a single support rod that extends thmugh the elongated cannula, whei^in 
the locking member extends concentrically from the single support rod on one lateral side of the 
vessel holder, the single support rod therefore reducing endoscopic viewing impediments 
relative to more than one support rod. 

41 n,e vessel harvester of cUim 36. wherein the distal end of the vessel holding tool 
including the holder and locking member are constructed of a thin wireform for reduced 
impediment to endoscopic viewing. 

42. A vessel harvester that is used.in conjunction with an endoscope, comprising: 

_a„ elongated cannula inchiding a lumen therein for receiving the endoscope; 

a vessel severing tool extending through the elongated cannula and adapted for 

longitudinal movement therein, the severing tool having a distal operative end with an 
open mouth for receiving a Urget vessel that automatically accommodates widely 
varying sizes of vessel, and a severing device associated with the mouth; and 

a vessel holding tool extending through the elongated cannula and adapted for 

longitudinal movement therein, the vessel holding tool having structure used to capture a 
target vessel and manipulate it to relative to the vessel severing tool. 
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43. The vessel harvester of claim 42, wherein the moulh of the vessel severing tool 
Bccommodates vessels having diamelcis that range from between O.S and 1 .0 mm. 

44. The vessel harvester of claim 43, wherein the mouth has facing vessel contacts 
that flex apart upon receiving a vessel therebetween. 

oo 

O 45. The vessel harvester of claim 42, wherein the severing device comprises bipolar 

O electrodes disposed to contact a target vessel received within the mouth. 

(N . 

O 46. The vessel harvester of claim 45, wherein the bipolar electrodes comprises wire 

^ electrodes anangcd in a crossing pattern in the mouth. 



47. The vessel harvester of claim 42, wherein the moulh has a stepped shape with 
several progressively smaller intermediate gaps having generally parallel sides that provide 
regions of constant width surface contact with the vessel. 

48. The vessel harvester of claim 47, wherein the intermediate gaps have widths in 
decreasing increments of 1,0 mm. 

49. The vessel harvester of claim 42, wherein the severing device comprises a 
mechanical cutter disposed transverse to a target vessel received within the mouth. 

50. The vessel harvester of claim 42, further including a fluid conduit terminating 
close to the distal operative end of the vessel severing tool and adapted to deliver a fluid jet to 
knock away tissue that may stick to the distal operative end. 

51. The vessel harvester of claim 42. wherein the vessel severing tool is connected to 
a control rod and is located within an arcuate slot formed in the elongated cantiula, the control 
rod being capable of translating the distal operative end laterally within the arcuate slot as well 
as longitudinally. 
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5!!! 52. The vessel haivcster of claim 42, wheiein ihe mouth of the vessel severing tool 

^ opens to one side of the distal opetative end. 

(N 

^ 53. The vessel harvester of claim 42, wherein the vessel holding tool includes a 
support rod that extends through the elongated cannula, and wherein the suppott rod is bent out 

^ of 8 plane in which the suj^rt rod lies at a location close to the distal end of the vessel holding 

OO ,1 

O tool sucb that the distal end angles toward the vessel severing tool. 

cn 

CN| 54. The vessel harvester of claim 42, wherein the vessel holding tool includes a 

O support rod that extends through Ihe elongated cannula, wherein the support tod is bent out of a 
O plane in which the support rod lies at a location close to the distal end of the vessel holding tool 
such that the distal end angles away from the vessel severing tool. 

55. The vessel harvester of claim 42, wherein the vessel holding tool includes a 
support tod that extends through the elongated cannula, wherein the support rod is bent out of a 
plane in which the support rtxl lies at a location close to the distal end of the vessel holding tool 
using an active angling mechanism controlled from . proximal end of the elongated cannula. 

56. A vessel harvester that is used in conjunction with an endoscope, comprising: 

^an elongated cannula including a lumen therein for receiving the endoscope; 

i pair of partial tubular vessel shields extending from the cannula and define a 

lumen sized to receive a target vessel, the partial tubular vessel shields defining gaps 
therebetween sized to receive a side branch extending from the target vessel; and 

a tubular cutting element sized to sunound the partial tubular vessel shields and 

axially disptaceable from the cannula, wherein the mbular cutting element advances to 
sever any side b«nch received within the gaps and the partial tubular vessel shields 
protect the target vessel ftiom the severing operation. 

57. The vessel harvester of claim 56. wherein the vessel severing tool is a tubular 
knife blade. 
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58. The vessel harvester of claim 56, further including a fluid conduit terminBtiDg 
^ close to the partial tubular vessel shields and adapted to deliver a fluid jet to knock away tissue 
CN that may stick to the vessel shields. 

o 

59. A vessel haivcstCT that is used in conjunction with an endoscope, comprising: 
^ ^an elongated cannula including a luroen therein for receiving the endoscope; 

O a pair of fork-shaped vessel scaling electrodes having tines and spaced laterally 

2 apart so as to create a gap therebetween; 

a vessel capturing mandible arranged to move within the gap between the 

O electrodes to capture a target vessel positioned between the tines; and 

^ a severing blade mounted to move within the gap and sever the target vessel. 



60. The vessel harvester of claim 59, wherein the vessel capturing mandible has a 
seriBtcd distal finger to securely capture the target vessel within the tines. 



61. The vessel harvester of claim 59, wherein both of the vessel capturing mandible 
and severing blade have control rods and angled proximal surfaces that cam against a distal end 
of the elongated cannuU and displace them toward one another upon proximal retraction of the 
control rods. 

62. The vessel harvester of claim 59, further including a fluid conduit terminating 
close to the fork-shaped vessel sealing electrodes and adapted to deliver a fluid jet to knock 
away tissue that sticks to the scaling electrodes. 
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